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SuMmY”

A coolimcorrelation emation was obtained based on

EtmtNE

SEy!

the averam
temperature OF the exhausb~ve seats of a large dmith-row radial -
engine. The exhaus~velve seat was choseQ as the basis for the correlation
because endurance tests have shown it to be the critical region of this
engine cylinder. lhom this correlation equation predictions may be made
of the cooli~air pressure drop required to cool the critical region of
the cylinders.

The accuracy of predicting engine cooli~air pressurHmp
requirements, based on the cooling correlation, was. mitmtantidly increased
when a modified carburetor was used.

ImRmJucTIa

At the request of the Army Air Forces, Air Technical Service Comend,
tests have been conducted at the NACA Cleveland Uboratory to improve the
cooling of a large doubl+row radial. air= aft mgine. In cmnection with
W program, a study ha been made of the cooli

Y
characteristics of the

engine ~ the IUCA cooling correlation method. See reference 1.) Cooling
correlations have pfiously beem based on the temperatures of the rear
mark-plug MSS S-XXI the rear smrk-pl~ gasket. (See reference 2.)

The exhaust-valve seat M been shown to be a critical r&ion of the
rear-row cylinders. The initial failure in endurance tests made at
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excessive cylinder temperatures. was that of the exhausbvalve seat.
Gperation at this condition resulted in burning of the exhaustivalve
seat and warping of the exhaust valve and the ~wvalve guide,

A cooli~correlation equation IJ8JM on this critical ~llnder
temperature waa successful~ developed. This correlation is camp-ad
with one based on the temperature of the rear sp~rbplug boss. Tests
were made with a modified carburetor and a standard carburetor; the
modifid carburetor produced a more consistent relation between the
aweraga temperature of all engine wlinders and the temperature of the
hottest cylinder.

ANALYSIS

The RAM cooling correlation mthod (reference 1) is used to present
the cooling character sties of the engim tested.

where

‘h

Ta

‘g

c*

we

u.

AP

The correlation eqpation is

‘h - ‘a
~= c

referenge cyllndcn+mad

of the form

temperature, ‘F

(1)

cooli~air stagnation temperature in f rent of engine, ‘F

mean ef f ectlve gas temperature, ‘F

constant
. .

wei*t flow of engine c~ge air, pounds per second . .

ratic of density of cooling air in front of engine to” densi~
of standard se*level air

cooli~air pressure drop, inches of water
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“The man effective gas temperature Tg .. represents the mean ~

temperature effective in & transf~of heat” frun &e cas~tion -es
to the qlinder head. With constant spark &&mce - pxhaet back
pressure, ~ is @ncipally *e@ant upon f’uel~r ratio and thb
t*erature of the cha& air entering the cylinder “&d Is rqresented
by the equation .

‘1!%= T@ +ATg ..”
(2)

~ is the mean effective gas taqerature for a cher~rwhsme T

tsqmrature of SOOT without sqmrcharging and A T!g represents the

~ with menif old-air temperaturevariation of T

ratio of O.M, a value of ll~” F is aasmed for
effective gaE temperature of the cylinder head,
The relation has been empirically determined for
approximately

ATg = o.g(~ - m)

~. For a fuel-air

ths reference mean
(See reference 1.)
the cylinder heads to be

(3)

The manifold+ir lxmporature Tm is calculated from the carburetor

inle~air temperature Tc and the theoretical supercharger tempemture
rise asmming no ftml vaporization. Ibr the engine tested, the relation

.

()~ = Tc + 19.f3 ~&-2
/

is

(4)

where N is the engine sped, rpmo

In order to distinguish between the correlations ~resonted, the
subscript 1 refers to tho correlation bxed on the average temperature of
the lg exhauebvalve seats and the suibecript 2 refers to the correlation
based on the average temperature of the 18 rear sparkplug bosses.

INGINETEST~

The Zjmic-incbdieplacement enginetestd was fitted with a
cowling fran a fourmgin e airplane a.ml installed in an engine teqt
stend. (See fig. 1.) !Bae cooli~air flow was provided by an dmuster, ,
which reduced the pressure at the..rQar of the engine. The combustion air
was supplied by a blower to the dncting forward of the intercooler.
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The oylinde~head tsqeratures were measured ~ the-couples, Tba
positions of the the~ccqles used to meamre. the .tmperatures of the
exhausbvalve s-t qnd rear spark@ug boss are shown in figure 2. The
e coolin~~? pressue drqp” W* obtained w: taklpg the ~fference
between * avpr~” of fitie total-pressure measurements. qn eaoh front-
row oylin@3r and the aver&ge of three statio-pressure mmqzrsments takea
at th rear of each rmorow czvlinder. The nosition of those nressure
tubs on

-.

Two

the engine cylitiers

series .of tests were

is shownin figure 3.
.

TESTPMZIXEE

de to establish the correlation at a fuel-
.air ratio of O.CN3with the modified carburetor: .... . .’

1. Cooli&3ir flow was vari6d while fuel-air ratio, carburetor-air
temperature ;“ engine speed, and char-air flow woro held constant to
dotoimihe the variation of mgino tmporatum with cooli~air flow.

2. Oherge-air fbw was varied while fuel-air ratio, carburetm=air
temperature, engine speed, d cooli~air flow were held constant to
delxnmino the variation of engine tempordaxe with chrge-ai.r flow.

. .
In order to determine the ef feet of fuel-air ratio on msan effective

gas temperature, tests wore made with the modified and tho stamlard
carburetors at various fuel-air ratioa, powers, and ongino speeds at a
constant carburetor-ah temperature. -

RESULTSMD DISWSSI(N

l?iguro 4 establishes tho relation between the cooling tqerature
differential (Th - Ta)/ (Tg - %) ~ ~ cooli~~r press~e drUP

ahp. ‘Iho slopo of tho curve in fi~e 4(a) based on the tanperaturo of
the sxhaus%valvo seat determines the exponent ~ in the oq@im

. . T“‘hi- a
@

Tgl - k = % ‘:~i—
“.

A simih curve is shown in figure 4(b) based

. .

(5)

on ths temperature of tho
rear sparlwplug” %0ss. The sl~e of t~s -e de~rmines the exponont

.. Y2 in tho equation. . . .
‘M - ‘a ““”we=2 . . .

~ = C2 ~@)y2 (6)
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A comparison of figcres 4(a) and u(b) ehms that the tauperature of the
ori tical region of the. cylinder 1s lees affected ~. engine. c~oliqair
flow than 1s. the temperature. of & rear spark-lug boss;

. .
Figure. 5 ektabli sbs the relation between. the cooling: temperature

tiff ercnt?JEil (~ - Ta)/(Tg - ~) and the .wei t flow of en#ne oharge
?air Wee !Rm slopes of the ourves In figure 5 a) and figure, 5(b) determine

~ exponents xl @ ~ in equations (5) ~ (6), respectively. ~ .
slopes of the curves in f i-e ~ are essentially the same, whioh indicates
that the t~eratures. of the critical region of we .cylinier and the rear
spark-lug boss are equally affected ~ the ~~eight flow of engine charge .
tire

. .

When these exponents are s~s tituted in equation (1) and the constants
evaluated, the cooling-correlation equetions (7) and (8) are determined
baeed on the aver~ tauperature of the exhauskvalve seat and the average “
temperature of the reex sm~lug boss, ”respectively.

“ 1.79
o.2g

‘h2 - ‘a
/ we

)
~g2- %x?

= O.ry)o\UAP .

(7) “

(g)

A plot of eqyations (7) and (g) is presented in figure 6.

The variation of the reference mean effective gaa temperature T-
with fuel-air ratio based on tests with the modified carburetor is dhown
in figure 7. The reference mean effective gaa temperature was calcukted
W SOlving equations (7) and (g) for Tg and then calculating the referenoe
mean effective gas temperature T@ using eqwtions (2), (3), and (4).
SkKLar curves showing the variation of the reference mean effective gas
tauperature with fuel-air ratio, based on tests using the stadard oartietor
are * in figure g.

B’igures 7 and 8 show that the scatter of test results 13asd on the
temperature of the exhaust+valve seat is less than the scatter when based
on the temperature of the rear spar~lug boss. Ewe 7, based on results
obtained with the modified carburetor, shaws the ef feet of improved fuel-
ah+ratio distribution in that it closely approximates uqnibli shed single-
~linder test data. The curves have a sharp peak at a fuel-air ratio of
apprtitely 10.068 and the range of stable lean engine operation has been
axtended to a fuel-air ratio of 0.@j2.

I —
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Inasmuch as the c&relation is based on the average. tqmature

of all engine @Were@, whereasthemost @r’tent temperature is
that of the hottest ~linder, it is necessary that accurate infonw
ation b.e available relating the temperature of the hottest glinder
to the average temperature of all cylinders.

. .
Figure 9 showsthe difference between the temperature of the

hottest exhaus+valve seat end the averege temperature of the
adu3ust-valve smts for ell cylinders plotted against fuel-air ratio
for each poWer condLtion investigated. A similar plot of the
difference between the temperature of the hottest rear sparkplug
boss and the aver- temperature of the ream spark-plug bosses for
all cylinders is given in figure 10. In addition to the data
obtained with the standard and modified carburetors in the present
tests (engine A) ~ unptilishea data are included from various
engines of the same model (B, C, and D) equipped with the standard
carburetor. These data indicate no consistent relation between
maximumand average cylinder temperatures for engjines equipped with
the standard carburetor. The engine equipped with the modified
carburetor ~ hcwever, prcduccd a consistent pattern in repeated tests
and an accurate determination of the average temperature for ell
~~linders may be obtained f ran a given _erature of the hottest
cylhder,

Another important parameter required for cooli~orrelation
predictions is the weight fla of eng@e charge air. The variation “”
of the brab specific air consumption with fuel-air ratio for various
_ operating conditions is ahbun in figure .11.

An accurate determination of these parameters substantially
increaaes ,the accuracy of predicting engine cooli~air. pressure
drop requirements based on the cooling correlation.

su4M.mraFmm

lkom tes%stand results to ddxxzoine the coWng correction
of large double-row radial engine ,with a 3350.~bi~inch di@ace-
mont, the following results may be mmmarized:

1. A satisfacto~ cooling correlation equation based on the
ta&rature of the exhaus%valve seat was obtained.
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2. ~rti fuel-dr-mtio distribution to the engine @-
inders produoed ~ the modified carburetor substanthlly inoreased
the aoouraq of predicting emgine oooli~r pressure-dz%p require-
ments based on the cooling correlation.

Airortit Engine Researoh Lsboratarg,

1.

2.

Matia Advlsow Committee f-m Aeronautics,
Cleveland, Ohio, April ~, 1945.
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(a) cutaway of cylinder.

Location of thermocouples installed in cylinder.
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Thermocouple junctt~n

(b) Section through

Rear spark-plug- Rear
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valve seat.
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Front

[c) Looking into barrel.

Figure 2. - Concluded. Location of thermocouples installed
in cylinder.



NACA MR No. E5D30a
/-p2

PI

~——,———r

/

I :

I

[L ——— _— ;,

)
1 L

Right side view

(a) Static-pressure tubes on rear-row cylinder.
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Front view
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Right side view

(b) Total-pressure tubes on front-row cylinder ,

Figure 3. - Location of cooling-air pressure tubes installed
on cylinders.
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Figure 4. - Variation of cooling temperature differential
(Th-Ta)/ (Tg-Th) with sea-level cooling-air pressure
drop 66P. Charge-air flow, 9800 pounds per hour; fuel-
air ratio, 0.08.
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- Variation of’ cooling temperature differential
‘i’?%%&(Tg-Th) with charge-air flow wee ~ool~ng-a~r

pressure drop, 18 inches of water; fuel-air ratio, 0.08.
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Figure 6. - Variation of cooling temperature differential (Th-Ta)i(T~-Th) with ratio of
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# .4

s?

- “

.3*1 .2 .3 .4 .5 .6 .7 .8.91.0 2.0. 300 400

w 2050/GAp, lb/(see) (in. water)e

(a) Based on temperature of exhaust-valve seat Thl.



I

NACA MR No. E5D30a

1300

1200

NATIONAL AOVISORY
COMMITTEE FOR AERONAUTICS —

1s00 ‘-” PP wer

o 000 1

340 21
x

1200“ d m“ D

A
n

x

1100
x x \

4

4) p

o

. ---

1100

MOO

I I I 1 + I I I I + 1

t T

/

1 I I I I

:b)
o+

teluperasure )f reim spiLrk-p:.ug b >ss

%0s ,06 .07 .08 .09 ● 10 .11
Fuel-alr ratio

Figure 7. - Variation of’reference” mean effective gas temperature
Tg80 with fuel-air ratio for cylinder heads obtained with
modified carburetor.



I mm II m mmmmm, inn,, II II 1111 111111911 I II I , , , ,.,, , ,,--,,., ,,,.--..., ,, ,, --,,,,... ,, ,, ,, . ...,,,, , -,.. -,,.,, ,m.--, .,- .-—..——.!!.., ., ,-.., ,- -—, ,, ... ,,

NACA klR No. E5D30a

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

D

o: .000 180
m “.500 220

•1 230

1200
240

A $200 260&
x

4
x x

1100
c
\

\

ok “f*

1000

:a) BiLsed xi te}npera{iure (>f esL~aust..valvl~ sea’: Th. ●

8
#

1200

u

R E

x
1100

)‘ \’
%

x \

[3
0’ YA

1000‘

o

;b) 2$.sed m te~pera:ure >f re+r spiprk-p’*W bf) .ss hz ●

%05
L

.06 .0’? .08 S09 ● 10 ● 11
Fuel-air ratio

Figure 8. - Variation of reference mean effective gas temperature
T 80 with fuel-air ratio for cylinder heads obtained with

fs andard carburetor.



—

NACA MR

120

80

40

1

.20

80

40

1

.20

80

40

No. E5D30a

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

o
:+ 1000 1800

.

120

J~% K x
80-

x
n

x o
$*.–* “: .:. ,

x

x 1340 2100
40~

o x
o 0 &

): c1
m 1500 2200

0 0

*+ + % +—+ +0 ‘$+ +++ 0
7

L20~ 1700 2300
0

80 ~ &

•&. + 4.+
40

2000 2400
❑

E nglne Carbure t or o
x
x

o A Standard ++ IL.+
+ A Modlfled + 4

x B Standard7

L_o1!20
.“”

o D StandardJ 2200 2800 0

80-
0

+—+- —+
ef or

40 carburetor
.05 .06 .07 .08 .09 .10 ● 11

Fuel-air ratio

Figure 9. - Exhaust-valve-seat temperature spreads obtained with
standard and modified carburetors.



NACA MR No. E5D30a

++
.

+ 1000 1800

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

x

n
o’ Cx X2 [ x

+
x

+
L

~ —x- v
A

3: x
1:

0 x

@
x

o
n

+
$+

0
0 T

+ w o

c

t L

& x

El lglne Car” naretd r
+

o A Sta,xlard

+ A

x B

5 .06 .07 .08 .09
Fuel-air ratio

1340 2100

1500 2200

1700 2300

k

2000 2400

0
x x

+

2200 2600

● 10 ● 11

Fi~ure 10. - Rear SDark-DlU6?-bOSS temperature sDreads obtained.- .
;ith standard and modified carburetors.



r .

NACA MR No. E5030a

-u

Ebgine
speed
r@

8

100C 1800 1700 2300

7 ‘“

6
$ 0 Standard cmrburetor

+ Mcdified carbur etor

+\

‘+

1340 2100 2000 2400

\
n * A

‘+
* 0+

L

++

8 A o~,

< 2200L 2600

L \
+

7 # A

+ + A

+ NATIONAL AOVISORY

1500 2200 COMMITTEE FOR AERONAUTICS

6005 .06 .07 .08 ● 09 ● 10 .1
Fuel-air ratio

,gum 11.- Comparison of brake specific air consumption
obtained with standard and modlfled carburetors.

1



Illllllllllllmiiiimmllllll‘
31176014033618

—.—— 1


